In this present work, we have proposed modified generalized Riccati equation method for finding the exact traveling wave solutions of nonlinear evolution equations (NLEEs) via the mKdV equation. It has been shown that the proposed method is effective and can be used for many other NLEEs in mathematical physics. The obtained results show that the proposed method is very powerful and convenient mathematical tool for NLEEs in science and engineering.
Introduction
In the nonlinear sciences, it is well known that many nonlinear evolution equations (NLEEs) are widely used to describe the complex phenomena such as fluid mechanics, meteorology, plasma physics, optical fibers, biology, solid-state physics, chemical kinematics, chemical physics, and so on. The powerful and efficient methods to find analytic solutions and numerical solutions of nonlinear equations have drawn a lot of interest by diverse group of researchers. Many efficient analytic and numerical methods have been presented so far. During the research, searching for traveling wave solutions of NLEEs has been the main goal of many researchers, and many powerful methods for constructing exact solutions of NLEEs have been established and developed. In order to better understand the nonlinear phenomena as well as further practical applications, it is important to seek their more exact traveling wave solutions. Even those special exact solutions that do not have a clear physical meaning can be used as test problems to verify the consistency and estimate errors of
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various numerical, asymptotic, and approximate analytical methods. Exact solutions can serve as a basis for perfecting and testing computer algebra software packages for solving NLEEs. It is significant that many equations of physics, chemistry, and biology contain empirical parameters or empirical functions. Exact solutions allow researchers to design and run experiments, by creating appropriate natural conditions, to determine these parameters or functions. Therefore, investigation of exact traveling wave solutions is becoming successively attractive in nonlinear sciences day by day. However, not all equations posed of these models are solvable. As a result, many new techniques have been successfully developed by diverse groups of mathematicians and physicists, such as, the homotopy perturbation method (Mohyud-Din, 2007; Mohyud-Din & Noor, 2009; Tauseef Mohyud-Din, Yıldırım, & Anıl Sezer, 2011; Tauseef Mohyud-Din, Yildirim, & Demirli, 2011; Tauseef Mohyud-Din, Yıldırım, & Sarıaydın, 2011) , the (G′/G)-expansion method (Guo & Zhou, 2010; Wang, Li, & Zhang, 2008; Zayed & Gepreel, 2009) , the exp-function method (Akbar & Ali, 2011; Bekir & Boz, 2008; Naher, Abdullah, & Akbar, 2011) , the modified simple equation method (Khan & Akbar, 2013a , 2014 Mohamad Jawad, Petković, & Biswas, 2010; Zayed, 2011) , the Hirota's bilinear transformation method (Hirota, 1973; Hirota & Satsuma, 1981) , the exp( − Φ(ξ))-expansion method (Khan & Akbar, 2013b) , the enhanced (G′/G)-expansion method (Khan, Akbar, Rashidi, & Zamanpour, 2015) , the tanh-function method (Parkes & Duffy, 1996; Wazwaz, 2005) , the functional variable method Zerarka, Ouamane, & Attaf, 2010) , generalized Riccati equation expansion method (Biao, Yong, Hengnong, & Hongqing, 2004) , and so on.
Various ansatz have been proposed for seeking traveling wave solutions of nonlinear differential equations. The choice of an appropriate ansatz is of great importance when using the direct methods. In this paper, based on a new general ansatz, we propose the modified generalized Riccati equation method with new algebra expansion, which can be used to obtain explicit solutions of NLEEs.
The objective of this article is to present modified generalized Riccati equation method with new algebra expansion to construct the exact traveling wave solutions for NLEEs in mathematical physics via the mKdV equation.
The article is arranged as follows: In Section 2, the methodology is discussed. In Section 3, we apply this method to the NLEE pointed out above and in Section 4, conclusions are given.
Methodology
Suppose the general nonlinear partial differential equation, where u = u(x, t) is an unknown function, P is a polynomial in u(x, t) and its partial derivatives in which the highest order partial derivatives and the nonlinear terms are involved. The main steps of the modified generalized Riccati equation method combined with the algebra expansion are as follows:
Step 1: The traveling wave variable ansatz where ∈ ℜ − 0 is the speed of the traveling wave, permits us to transform the Equation (1) into the following ODE:
where the superscripts stands for the ordinary derivatives with respect to ξ.
Step 2: Suppose the traveling wave solution of Equation (3) can be expressed by a polynomial in F(ξ) as follows:
where a n and b n are not zero simultaneously. Also, F = F(ξ) satisfies the generalized Riccati equation, where a n , b n , r, p, and q are arbitrary constants to be determined later.
The generalized Riccati Equation (5) has 27 solutions as follows (Zhu, 2008) :
Family 1: When Ω = p 2 − 4qr < 0 and pq ≠ 0 (or rq ≠ 0), the solutions of Equation (5) are, where A and B are two non-zero real constants and satisfies the condition A 2 -B 2 > 0.
Family 2: When Ω = p 2 − 4qr > 0 and pq ≠ 0 (or rq ≠ 0), the solutions of Equation (5) are, where A and B are two non-zero real constants and satisfies the condition B 2 − A 2 > 0.
Family 3: When r = 0 and pq ≠ 0, the solutions of Equation (5) are, where d is an arbitrary constant.
Family 4:
When q ≠ 0 and r = p = 0, the solution of Equation (5) is, where c 1 is an arbitrary constant.
Step 3: The positive integer n can be determined by considering the homogeneous balance between the highest order derivatives and the nonlinear terms appearing in Equations (1) or (3). Moreover, precisely, we define the degree of u(ξ) as D(u(ξ)) = n which gives rise to the degree of other expression as follows: Therefore, we can find the value of n in Equation (4), using Equation (6).
Step 4: Substituting Equation (4) along with Equation (5) into Equation (3) together with the value of n obtained in step 3, we obtain polynomials in F i and F −i (i = 0, 1, 2, 3,…), then setting each coefficient of the resulted polynomial to zero, yields a system of algebraic equations for a n , b n , p, q, r, and ω.
Step 5: Suppose the value of the constants a n , b n , p, q, r, and ω can be determined by solving the system of algebraic equations obtained in step 4. Since the general solutions of Equation (5) are known, substituting, a n , b n , p, q, r, and ω into Equation (4), we obtain some new exact traveling wave solutions of the nonlinear evolution Equation (1).
Application
In the present work, we consider the following mKdV equation with parameters of the form, where δ is a non-zero constant. The mKdV equation appears in electric circuits and multi-component plasmas. This equation describes nonlinear wave propagation in systems with polarity symmetry. The mKdV equation is used in electrodynamics, wave propagation in size quantized films, and in elastic media (Wazwaz, 2009) .
u t − u 2 u x + u xxx = 0.
The traveling wave transformation equation u( ) = u(x, t), = x − t transform Equation (7) to the following ordinary differential equation:
Now integrating Equation (8) with respect to ξ once, we have where C is a constant of integration. Balancing the highest order derivative term u′′ and the nonlinear term u 3 from Equation (9), yields 3n = n + 2, which gives n = 1.
Hence, for n = 1 Equation (4) reduces to Now substituting Equation (10) along with Equation (5) into Equation (9), we get a polynomial in F(ξ). Equating the coefficient of same power of F(ξ), we attain the following system of algebraic equations:
Solving the above system of equations for a 0 , a 1 , b 1 , ω, m, and C, we get the following values:
Case 2:
18 a 1 q 2 m − 6a 
Case 3:
.
Case4
:
For Case 1, we get the following exact solutions in terms of hyperbolic, trigonometric, and rational functions:
When Ω = p 2 − 4qr < 0 and pq ≠ 0 (or rq ≠ 0), the solutions are,
(p 2 − 4qr) t and A, B are two non-zero real constants which satisfies the condition 
When Ω = p 2 − 4qr > 0 and pq ≠ 0 (or rq ≠ 0), the solutions are,
(p 2 − 4qr) t and A, B are two non-zero real constants which satisfies the condition When q ≠ 0 and r = p = 0, we get which is independent of variable t, and c 1 is an arbitrary constant.
For Case 2, we get the following exact solutions in terms of hyperbolic, trigonometric, and rational functions:
When Ω = p 2 − 4qr < 0 and pq ≠ 0 (or rq ≠ 0), we obtain
When Ω = p 2 -4qr > 0 and pq ≠ 0 (or rq ≠ 0), we get where = x + 2 p 2 − 8 qr t.
When r = 0 and pq ≠ 0, we get , where = x + 2 p 2 t.
When q ≠ 0 and r = p = 0, we obtain which is independent of variable t, and c 1 is an arbitrary constant.
In the same way, we can write down the other families of exact solutions which have omitted for amenities. ( ) for p = 1, q = r= 2, = 1, m = 0 within −3 ≤ x, t ≤ 3.
